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Monday, February 17, 2014 409aconsidered, and the energy functions used to estimate binding affinities are
poor. This work investigated how implicit ligand and solvation theories as
well as the linear response approximation may be combined to better describe
the effect of protein flexibility on ligand binding affinities.
T4 lysozyme mutants, HIV-1 reverse transcriptase (HIVRT) and human FK506
binding protein 12 (FKBP) were chosen as model systems. An adaptive energy
function based on the linear interaction energy approximation was parame-
trized and used to estimate partial affinities. Parameters were adapted according
to ligand and protein surface polarities. Proteins were represented as an approx-
imate conformational ensemble derived from molecular dynamics simulations.
Interaction energies were obtained using the OPLS-AA force field with modi-
fied partial charges for ligands. A generalized Born model was used for implicit
solvation.
The parametrized energy function resulted in average deviations between
experimental and calculated affinities of 1.0 kcal/mol and a correlation coeffi-
cient R2=0.8 for a test set of complexes with known binding sites. Discrimina-
tion of false-positive poses was also substantial. Then, approximations to the
implicit ligand theory were proposed in order to obtain total binding affinities
by combining interaction energies calculated for ligand complexes with the
protein conformational ensembles. Several configurations contribute with the
same weight for the FKBP protein. But, for lysozyme and HIVRT proteins, to-
tal affinities are dominated by one configuration. These results suggest that a
faithful representation of protein conformational flexibility and an adequate sta-
tistical treatment based on implicit theories may be used to rapidly estimate
reliable binding affinities.
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MedusaDock [1, 2] is a flexible docking approach in which both the ligand and
the receptor conformational flexibilities are modeled simultaneously. A prede-
termined discrete set of amino acid rotamers is used for representing receptor
flexibility while for ligands, stochastic rotamers are generated on-the-fly during
the simulation. Previous benchmark studies and CSAR 2012 blind prediction
test suggested [2] that MedusaDock is able to rapidly sample the binding poses
and accurately predict near-native binding scores with the scoring function,
MedusaScore. However, CSAR2012 benchmark results suggested that the Me-
dusaScore cannot satisfactorily predict the binding affinities [3]. In this work,
we developed new scoring functions by introducing free energy penalties of
both proteins and ligands upon binding. Specifically, we included ligand en-
tropy loss as well as receptor energy strains induced by binding. We bench-
marked the ability to reproduce experimentally determined affinities of 148
protein-ligand complexes [4]. With the inclusion of new energy terms and
use of new methods, Medusa’s performance was significantly improved in
terms of recapitulating the binding affinities.
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The biomacromolecular interactions are primarily governed by the conforma-
tional changes. We show that the thermodynamics of these conformational
changes in biomacromolecular complexes can be extracted from the distribu-
tions of the dihedral angles of the macromolecules. These distributions are ob-
tained from the equilibrium configurations generated via all atom molecular
dynamics simulations. The conformational thermodynamics data we obtained
for the system of calmodulin bound to different peptide complexes using our
methodology corroborate well with the experimentally observed conforma-
tional and binding entropies. The conformational free energy changes and its
contributions for different peptide binding regions of calmodulin are evaluatedmicroscopically. We also extend the histogram based methods for calculation
of conformational thermodynamics to calcium ion binding to calmodulin.
This gives the microscopic information on the participation of different resi-
dues in the metal binding process.
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HIV-1 integrase (IN), an enzyme that incorporates reverse transcribed viral
DNA into the human host cell genome, is a relatively new drug target. Elvite-
gravir (EVG) is the second IN inhibitor in its class approved for clinical use, to
be used in combination with drugs targeting additional enzymes essential to the
HIV-1 replication cycle. Multi-drug regimens designed to maximally block
viral replication are the standard of care for treating HIV-infected patients,
which minimizes the occurrence of random or drug-selected mutations. Amino
acid substitutions in patient viral protein sequences, which may confer resis-
tance to certain drugs, pose a challenge to prescribing appropriate medications.
By developing a structure-based model that predicts phenotype (EVG drug sus-
ceptibility) from translated IN genotypes, clinicians can better target HIV-1 and
avoid drug resistance.
A dataset of 157 mutant IN protein sequences with known susceptibility levels
to EVG, each containing only amino acid substitutions relative to native IN
(i.e., no indels), were obtained from the Stanford HIV-1 Drug Resistance Data-
base. These data were used to train four classifier (decision tree, random forest,
neural network, support vector machine) and two regression (reduced error
pruned tree, support vector regression) models with the Weka software pack-
age. Each mutant IN sequence was characterized by a distinct feature vector
of input attributes, achieved by quantifying ensuing environmental perturba-
tions at sequence positions in the native IN structure upon mutation. Tenfold
and leave-one-out cross validation performance reflected balanced accuracy
as high as 87% for the classifiers and a correlation coefficient of up to 0.85
for the regression models, indicating promise for this computational mutagen-
esis approach as a supplementary clinical decision-making tool and as a method
to efficiently predict any detrimental effects of unexplored IN mutations on
EVG drug susceptibility.
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The fusion of Nipah viruses with host cells is facilitated by two of their mem-
brane proteins, the attachment protein (G) and the fusion protein (F). G binds
to specific ephrin receptors on the host membrane. Ephrin binding changes the
configurational density of G that activates F, which, in turn, mediates fusion.
To understand how ephrin binding causes G to activate F, we use molecular
dynamics in conjunction with machine learning1 and filter out the set of resi-
dues in the G head domain whose configurational densities are shifted equiv-
alently by different ephrins, B2, B3, and a double mutant of B2. These three
ephrins all trigger viral fusion, but with different potencies. We find that these
three ephrins induce statistically equivalent shifts in the configurational den-
sities of about one-quarter of the residues in the G head domain. This surpris-
ingly expansive communal change in G includes most of the residues that have
been shown experimentally to be important to F activation. This suggests that
this set of residues contain the signaling pathways that connect the G-ephrin
interface to the G stalk domain that activates F. The distribution of these res-
idues in the G head domain is consistent with two models of signal transduc-
tion: one in which the ephrin-binding signal transduces to the F-activating G
stalk domain via changes in the head-stalk interface, and the other in which
the signal transduces via changes in the G head domain dimer interface. In gen-
eral, this study shows how machine learning can be utilized along with molec-
ular simulations to filter out quantitatively conserved patterns in changes in
protein structure and dynamics.
1) Leighty RE.; Varma S. Quantifying Changes in Intrinsic Molecular Motion
Using Support Vector Machines. J Chem. Theor Comput. 2013, 9, 868-875.
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Glioblastoma multiforme (GBM), a very aggressive brain tumor, has a median
survival of only 14 months. LYN, an important kinase involved in regulation of
410a Monday, February 17, 2014hematopoietic cells, is significantly overexpressed in GBM. It is believed that
LYN promotes migration of cancer cells, thus advancing the malignancy. This
research addresses computational design of small druglike molecules that could
potentially inhibit LYN and thus stave off the cancer advancement. LYN has a
very similar binding site to the polo-box domain (PBD) in Polo-like kinase 1
(Plk1). Plk1 is a main regulator of mitosis. Considering the key cellular roles
of both LYN and Plk1, it is important to design inhibitors that will specifically
bind to LYN. In this work, physical and chemical properties of the binding sites
of LYN and Plk1 were investigated and compared. Pertinent atomic distances
within the LYN binding site were found to be smaller than those within the
PBD of Plk1. The two sites also differed in their flexibilities. By utilizing the
differences, novel molecules were designed that could potentially bind LYN
with higher affinities than they could Plk1. Previously designed molecules
that bonded both LYN and Plk1 were used as initial templates to design
more specific inhibitors. Potential toxicities and drug-likeness of the molecules
were evaluated. Molecules with no implied toxicities and optimal druglike
properties were used for docking studies. Molecules that made the most stable
docking configurations with LYN and with no other kinases were identified as
LYN-specific. Binding energies of the stable complexes that these molecules
formed with LYN were calculated. Possible utilization of the designed mole-
cules against tumors with overexpressed LYN is discussed.
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The complexities of the brain are hidden in the always active neuron commu-
nication. The propagation of the neuron signals is carried out by neurotransmit-
ters. It is obvious why the signals activation is important but the signal
quenching is just at important in proper brain function. The length of the stimuli
and in turn the intensity are controlled by the neurotransmitter transporters.
The clearing of the neurotransmitters from the synapse is the responsibility of
transporters. Each neurotransmitter has its specific transporter. The main ones
being Serotonin, Dopamine, and Norepinephrine Transporters (SERT, DAT,
and NET). As a class of secondary transporters the sodium:neurotransmitter
symporters utilize a sodium ion gradient to co-transport a neurotransmitter
molecule against its gradient. The coupling of the ions favourable free energy
to the unfavourable recycling of the neurotransmitters is the crucial step in de-
ciphering the mechanism of transport.
The interaction between the substrate and protein are key to proper transport.
However these transporters are very common targets not only for the neuro-
transmitters but many medicinal and psychedelic drugs. Our focus is on
exploring similarities between the substrates and what properties make them
likely to target transporters. Also we wish to explore the binding differences
experimentally observed in different enantiomers of methamphetamines (crys-
tal meth) and 3,4-methylenedioxymethamphetamine (ecstasy). We have used
homology modelling to model hDAT and hSERT in three different conforma-
tions (open-to-out, open-to-in, and occluded). These six structures will be used
to explore the differences between the S and R enantiomers. Like many biolog-
ical systems preference is given to one conformation over the other, with S
enantiomer being the highly preferred one.
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Significance: Aberrant protein-protein interactions are a hallmark of disease
and many cancers. Disrupting these interactions is a current therapeutic strat-
egy. However, developing inhibitors for protein-protein interfaces (PPI) re-
mains challenging due to large surface area over which these interactions
occur. Computational methods can greatly aid in identifying druggable sites
on the PPI enabling rational inhibitor design for PPI.
Approach: We have developed a computational method termed FindBindSite
(FBS), to identify druggable sites in the PPI starting from free monomer struc-
tures. Our method virtually screens a small database of compounds or dipep-
tides over the entire protein surface and identifies regions with high docked
ligand atom density. Densely populated regions are then clustered and scored
based on cluster size. The clustering allows us to identify binding surfaces in
the interface regions.
Results: FBS was validated 41 protein-protein structures crystallized in com-
plex form. Structures were selected giving preference to free, protein-
inhibitor, and then protein-protein complex when structures were not available.
We predicted binding sites in interface regions of 71% with a high confidenceand 90% with a low confidence using our test set. We tested the performance of
FBS on homology models of free monomers achieving a hit rate of 68% when
using templates with sequence identity between 20-97%. Applying a 60%
sequence identity cutoff we achieved a hit rate of 86%. Using a library of di-
peptides we were able to achieve 85% hit rate. We demonstrate that FBS is a
useful computational method to predict binding sites in protein-protein inter-
faces because it uses the probe molecule diversity to span beyond well formed
pockets and identify regions where one could likely disrupt any PPIs are likely
to occur.
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Integrin receptors play a critical role in mediating early events in cells
adhering to ECM and synthetic peptides on surfaces. To better understand
the sensitivity of peptide sequences to a specific integrin types and between
integrins we performed a computational analysis. Specifically we began by
sequence based homologies between the three integrin receptors (3VI4,
3ZE2, and 1L5G) for which crystal structures are available. Using the homol-
ogy study as a starting point we developed some hypothesis on potential sim-
ilarities and differences to be expected with respect to their function. As the
next step we performed computational docking simulations of the library of
peptides (19) against each of these peptides using Autodock. For these simu-
lations we primarily used the co-crystal structure (integrin/RGD PDB name
3ZE2) implicated binding pocket as the focus of our studies. Based on these
docking simulations we have generated a number of different binding ensem-
bles for each peptide for a given integrin receptor. From the top docking con-
figurations (based on visual inspection, grouping, and Autodock Binding
scores), we then performed steered molecular dynamics simulations to
generate a potential of mean force for the peptides against the receptors.
These values then serve as starting point into a multi-scale simulation study
being used to estimate the adhesion of the entire cell to an ECM/functional-
ized surface.
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In protein-protein interaction predictions, there are various approaches to
obtain near-native 3D structure of protein complexes. One of the most available
methods is rigid-body docking process, generating many protein complexes
(decoys) as candidates of the native complex.
However, we sometime faced with one of the critical problems to solve, which
is a situation of no near-native decoys including a decoy dataset. Even if the
bound-state case, in 9 out of 44 protein pairs, we could not obtain near-
native decoys. To overcome this situation, we applied interaction fingerprint
(IFP) to this problem. IFP method in docking process is originally developed
for cluster analysis by comparing among decoys in our previous work [Uchi-
koga & Hirokawa, (2010) BMC Bioinfor. 11:264]. This method can applied
to proteins with large conformation changes, for example, calmodulin. IFP
composed of frequencies of interaction between amino acid residues. There-
fore, much more different structures can compare each other.
The critical situation of no near-native decoys results from a fact that docking
search space is not large enough to obtain near-native decoys. Therefore, we
proposed re-docking scheme for exploring docking search spaces by restrict-
ing protein surfaces after assembling interaction surfaces of decoys using
IFPs. We applied re-docking scheme to several docking cases and will discuss
the results.
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Several myelin-associated proteins, the neurite outgrowth inhibitor
(Nogo), myelin-associated glycoprotein (MAG), and oligodendrocyte-myelin
